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0.81 below the six year average, leaving s deficiency of this amount in the
yearly rainfall to October 1st.—.Prof. B. F. Thomas, Columbus, director;
Lieut. Charles E. Kilbourne, secretary; C. M. Strong, Signal Corps, assistant.

PENNSYLVANIA.

Temperature (in degrees Fahr.).—~The temperature for September, like
that of July and August, was below the normal. At the end of the month the
Season was about one week late. The mean temperature, §9.0, determined
rom fifty-two stations, was 2 below the average. The highest temperatures
were Emporium, Coatesville, McConnellsburg, Lancaster, New Bloomfield,
and Columbus, 84. These occurred on the 9th and 12th.  The lowest were

yberry, 29; flonesdalc, Somerset, Bernice, and Columbus, 30. These oc-
curred on the 29th and 30th. The following stations reported the highest
mean monthly temperatures: Pottstown, 64.3; Coatesville, 64.6; Carlisle, 63.7;
and Catawissa, 63.5. Lowest: Somerset, 63.3; PhﬂhPSbUP.g, 53.5; Bernice,
64.9; Dyberry, 54.5; and Smethport, 55. Frosts were quite general on the
29th and 30th. .

Precipitation (in inches).—The average monthly rainfall for the state was
4.84 inches, which is about 1.35 more than the average. It was nearly nor-
Wal west of the Susquehanna River. The largest monthly totals occurred at
Bethlehem, 10.93; Quakertown, 9.36; and Girardville, 8.18, The lowest at
Pittsburgh, 1.77; and Wellsboro, 1.75, A number of stations reported light
8now on the 29th and 30th.— Under direction of the Franklin Institute, Phila-
delphia; T. F. Townsend, Signal Corps, assistant, in charge.

SOUTH CAROLINA.

The mean temperature as far as reported was 69°.6, being 2°.6 legg than the
tecord for September, 1887. In most instances the highest maximum tem-
Perature occurred on the lst, and the minimum on the 80th,

The mean depth of rainfall was 9.86 inches, while the record for September,
1887, shows a mean depth of 1.12 inches. The greatest amount of precipita-
ton occurred at Newberry, where a fall of 17.90 inches was recorded. The
*ainfall in the early part of the month was general 8nd in many places exces-
Sive, causing considerable loss to the farming interests.—Hon, Ap P. Butler,

olumbia, director; H. C. Seymour, Signal Corps, assistant,

-

TENNESSEE.

The only notable features of the month were the low temperature which
prevailed during the last few days, resulting in frosts, and the unusual rainfalls
on the 7th, 15th, and 22d. There were but few electrical disturbances, and no
very high winds. Altogether the month was rather a pleasant one.

Temperature (in degrees Fahr.).—The mean temperature was 64.2, five
less than the September mean of the past years, and the lowest during that
period. The highest local mean was 69.4, at Savannah, and the lowest, 62.0,
at Fostoria; the highest temperature reported was 90, on the 5th, at Fayette-
ville, and was the lowest maximum for September during the past six years;
the lowest temperature reported was 80, on the 30th, at Fostoria and Law-
renceburg, and was the lowest September minimum during the period above
named; the maximum temperature was recorded generally about the 14th and
20th and the minimum, with two or three exceptions, on the 30th; the daily
ranges of temperature were generally below the normal.

recipitation (in inches).—The mean depth of rainfall was .88, more than
half an inch above the average for six years, and the greatest for that period
except in 1885, when 3.80 fe%l; of this amount the eastern division receivet‘i
an average of about four and a quarter mchgs, the middle division about
four inc%es, while the western division received an average of less than
an inch and a half. From the 1st to the Tth, inclusive, there were
daily rains, mostly light, until the last-named date, on which the heaviest
rain of the month occurred, averaging about an inch of rainfall for the
entire state. This rain was particularli]’ heavy in the middle division,
where the average amounted to 1.67. The rains of the 15th and 22d were
also heavy, but with these exceptions very little fell during the last two
decades of the month. The greatest rainfall was 6.73 at Riddleton, and the
least was 0.40 at McKenzie. The greatest in twenty-four consecutive hours
was 3.67, on the 7th, at Riddleton. ~On this date other heavy rains were re-
orted, asat Austin, 8.00; Florence station, 2.38; Hohenwald, 2.79; Kingston
gprings and Ashwood, each 1.60; Nunnelly, 2.01; Waynesborough, 1.47; and
Savannah, 1.85. There were fifteen days on wh
was reported.

Wind.—prevailing direction, north and west.—J. D. Plunket, M. D., Nash-

ville, director; H. C. Bate, Signal Corps, assistant.

ich no measurable rainfall

NOTES AND EXTRACTS.

DEPTH OF EVAPORATION IN THE UNITED STATES.

By T. RusseLL, Assistant Professor, Signal Service.

It has been proposed tofind the depth of evaporation that takes FPlace inside
the thermometer shelters at the various Signal Service stations,  For this pur-
FOSe the relation has been determined between the evaporation observed at a
ew stations with Piche evaporometers and the condition of the air as to dr{.
hess, deduced from the tri-daily readings of the whirled, wet, and dry-bu
thermometers. The relation between the evaporation as given by a Piche
Ingtrument, and what it would be from a water surface, has been determined
Yy comparisons at the Signal Office in Washington of the amounts of evapo-
Tation from the Piche with that from a cylindrical tin vessel 6,65 centimetres
in digmeter and 1.3 centimetres in depth, filled to the brim with water. The
fmounts of evaporation were obmineg by welghmgs on successive days made
to the nearest hundredth of & gramme by meaps of 2 fine balance.

The results of the determinations of the evaporation for the whole countr,
are contained in Table III, which gives the compute 1depth in inches for eac
Month and year. The chart, No. vi, is based on this table.  The lines join
Places having equal annual depth of evaporation. )

Tt is believed: that these fignres represent, approximately, the eva oration
that takes place from the surface oip ponds, rivers, reservoirs, and lakes in

e vicinity of the Signal Service stations. .

. This belief is buseﬁ principally on the results of observations of evapora-
tion and determinations of the humidity of the air from wet and dry-bulb
ermometer readings made at Nukuss, from May to October, 1875, under

e direction of the Central Physical Observatory 8t St. Petersburg, and
Yeported upon by Iid. Stelling in Band viii, No. 8, of Wild's ‘ Repertorium

r Meteorlogie,” 1882, .

he observilti’ons were made by weighings of the evaporation from the sur-
face of o pond by means of & vessel containing water imumersed in the pond.
servations were also made of the evaporation from a water vessel on land,
2Xposed in the sunshine, and from a similar yessel in a thermometer shelter.
“The wet and dry-bulb thermometers were read every two hours throughout
the day during the whole time for five months that the evaporation observa-
tiong were made. The results of the work were, 88 given by Stelling, that
the humidity results, obtained from wet and- ry-bulb readings with duitable
Congtants, represented the evaporation from the Sl}rf‘n'ce of the pond within
per cent., and that the evaporation from the vessel 11;1 the sunshine for the
erage of five months was about 10 per cent. greater than that from the ves-
ol in ghelter. For one month, however—September—the evaporation in the
Shelter wag about 3 per cent. greater than that in Sunshine. ~ The air is very
¥ at Nukuss. The depth of ev?pomtlon in June, in the sunshine, the

€atest in five months, was 14.9 inches. ) .

bservatif})'nes of(')eva;’)omtion in Signsl Service shelters, from water dishes,
would be very difficult. There are many difficulties in the way of observing

evaporation from water dishes in the open air. The falling of rain splashes
the water from the vessel or adds to it. ~ When the temperature of the air is
below freezing it is impossible to get a fair measure of evaporation for a great
part of the time, on account of the drifting snow. For the winter season the
evaporation calculated by an empirical process from the dryness of the air,
such as has been used here for the whole year round, is probably more ac-
curate than any results of direct measurement.

It is acknowledged that the results of direct measurement of evaporation
from water dishes, by weighing, would, on the whole, give a more satisfactory
determination of the depth of evaporation than the process here resorted to,
but the expense of procuring balances, and the great labor entailed on the
men at stations by tge method, forbid its use.

Even after evaporation is obtained from dishes it is doubtful what it repre-
sents. Under the same circumstances of temperature and dryness of air,
different shaped vessels will give different results for the depth of evapora-
tion, presumably on account of the varying facility with which the vessel {akes
the temperature of the air, which depends on its shape, the material ot
which it is made, and its absolute size. A cylindrical vessel of the same
bulk as a rectangular one exposes less surfuce to the air, and as the ves-
sel gaing its heat by contact with the air, it will usually not be at the same
temperature as the rectangular one.  Ivaporation from the surface tends to
lower the temperature, and the amount of lowering depends on the relation
between the surface and the volume of water. At 8 p. m., as observed at
Nukuss, this lowering of the temperature of the water in vessels amounted,
on the average in June, to 9°.9 Fahr,

But greater than all other things, in its effects on the depth of evaporation
from vesgels, is the cffect of the depth of the water surface below the rim of
the vessel. In the case of a vessel of circular section 2,5 inches in diameter,
the evaporation, when brimfull, is about 50 per cent. greater than when the
water surface is 0.3 of an inch below the rim.

ven if s satisfactory size and shape of vessel for observation of evapora-
tion could be settled upon, it is very doubtful how nearly evaporation from it
would represent the actual evaporation from the surface of a neighboring
pond or river, owing to the uncertainty of the effect of the wind. Wind pro-
motes evaporation powerfully, as will be seen further on.  But, by means of
wind velocities, as measured by anemometers high up in the air, it is hard to
estimate the effects of wind on evaporation from a pond or river sheltered by
trees or high banks. .

For any particular place the most saglsfaptor{ way to obtain the depth of
evaporation would be by a speeial investigation for that place.

’I)he Piche evaporometer &ee figure) consists of a glass tube 9 inches long
and 0.4 of an inch internal diameter. The tolp end is closed and has an eye
for suspending the instrument. The tube is filled with water and on the open
end a paper disk 1.2 of an inch in diameter is placed and held in position by
a brass fixture sliding easily in a collar along the tube. Water is supplied to
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the paper from the tube by capillary action, and evaporates freely from it into

Figlu‘e.the air, the amount depending on the dryness of the air and

the velocity of the wind. There is a scale etched on the tube

to cubic centimetres and tenths. The difference in the

readings of the top of the column of water gives the volume

evaporated from the paper in the interval between the
3 readings.

Twenty-five of these instruments were procured for the
Signal Service, and observations were made daily with
. eighteen of them at various stations, from the 81st of May
to the 30th of September, 1888.

A few of the instruments were calibrated with mercary to
- test their graduation and were found to be very exact, ex-
cept in the case of the one sent to Yuma, which was dis-
covered by the observer to be graduated incorrectly below
3 17 cubic centimetres by one whole cubic centimetre. The
paper disks supplied to the stations were all exactly of the
same diameter, and the paper all of the same kind, thin,
" ] not over one hundredth of an inch thick, and unsized. The
J brass cir€ular disks holding the paper in place on the tube
3 were all measured and found to have the same diameter
within one-tenth of & millimetre. The external diameters
- of the tubes, where in contact with the paper, varied from
1 14.0 willimetres to 15.6. The amount o}' paper surface ex-
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15 gpsed to the air was taken as twice the area of the paper
] isk, minus the area of the end of tube, minus the area of
= brass disk. The amount of surface exposed by the edge of
4+ the paper was neglected. Even if this surface was eppreci-
5.4 able it is allowed for by the method of standardizing the
> evaporometers by reference to the water dishes.

he amount of pa‘per surface exposed in the various
evaporometers varied from 11.0 square centimetres to 11.4,
as follows:

Nos. 1, 2, 3, 6, and 14, at Washiogton, 11.0, 11.2, 11.2,
11.8, and 11.2, respectively; No. 4 at Boston, 11.2; No.
6 at New York, 11.2; No. 7 at Charlotte, 11.4; No. 8 at
Buffalo, 11.2; No. 9 at Cincinnati, 11.2; No. 10 at Memphis, 11.2; No. 11 at
New Orleans, 11.8; No. 12 at Chicago, 11.2; No. 13 at Saint f.ouis, 11.4;
No. 15 at Keeler, 11.2; No. 16 at Yuma, 11.2; No. 17 at El Paso, 11.0; No.
18 at Dodge City, 11.2; No. 19 at San_Antonio, 11.2; No. 20 at Omaha, 11.2;
No. 21 at Denver, 11.2; No. 22 at Saint Vincent, 11.2; No, 28 at Helena,
11.4; No. 24 at Boisé City, 11.3.

The instrument at Charlotte was broken before any observations were ob-
tained. The observations were not well started at Buffalo until the middle of

August.

'ﬁilese instruments were mounted in the thermometer shelters at the stations.
They were read once a day at 10 p. m. during June, and at 8 p. m. during
July, August, and September. The difference in the readings on successive
days gave the amount of evaporation for the various days,

‘he shelters on Signal Service stations are usually at a height of nine feet
above the roof of building where situated. The shelter is a cubical box three
feet on a side, with the sides of open louvre or lattice work, and a close board
bottom and a close double top. It opens by ahinged louvre-work door to the
north, which is kept closed except while observations are being made.

To determine the relation between the evaporation from a water surface and
that from the Piche, two Piches were compared, in the quiet air of a closed
room, with two tin dish-evaporometers, each 6.55 centimetres in diameter and
1.8 in depth. In these experiments the Piches were weighed from day to day,
as well as the dishes, and not read by the etched scales, as was the case with
those on stations.

The results of the experiments showed that the rate of evaporation from the
dishes diminished regularly as its water surface fell below the edge of the

vesgel. The Piches evaporated 1.88 times that of the dishes, surface for
surface, as compared with the dishes while quite full. The coefficient in-
creased to 2.05 as the surface of the water in dish fell,

The coefficient used to reduce the Piche evaporations on stations to an
equivalent water surface was 1.33.  This was the mean obtained from all the
observations with the vessels quite full, as long as the water surfaces did not
fall more than 1.6 of a milimetre below the edges of the vessels. All other
observations with the surfaces below this limit were rejected.

The coefficient of a similar instrument, as determined by Prof. M. Kunze by
comparison with evaporation from a metal dish with a surface of 260 square
centimetres (about eight times that of the above), was found to be 1.42, as
given by the mean of comparisons from April to October, 1880. The results
of the observations are contained in Band xvi of the * Zeitschrift fiir Meteor-
olgie,’’ 1881, on page 81. .

r. Riegler, in Band xiv of the * Zeitschrift”’ for 1879, page 878, gives the
coefficient of f’iche as 2.08. His results for the coefficient, which vary all the
way from 1.64 to 2.22, are no doubt due to the varying depth of water surface
below the edge of evnforating vessel. The vessel used in this case was a 13
litre cylindrical thin glass vessel immersed in a basin of water exposed in a

arden, and weighed at intervals of a few days when there had been no rain-
?all during the interval.

Concerning the effect of varying kinds of paper used on the Piche, Dr.
Riegler says: ‘‘ Comparative observations showed that papers of perceptibly
different thicknesses to the naked eye, and even well marked variations in

superficial appearance, gave no perce ,t,lble‘variatipn in the amount of evapora-
tion provided the paper was unsized.”” The writers experience also agrees
with this. A pad of the thickest sort of plottmg paper was cut to exactly the
size of the disks in use, and the evaporation from it was found to exceed the
other only in the proportion of 107 to 100. The blotting paper being thick
exposed more edge surface than the other disks. .

ifferent Piches, when read together, were found to agree very closely with
each other, much more so than two similar tin dishes,

The height of water in the tube, whether full or only containing & sqm“
quantity of water, makes no appreciable difference in the rate of evaporation
as was ascertained by experiment. ¢

The following series of results 8hows what may be expected in the way O
agreement among different instruments:

Depth of evaporation, in milimetres, in quiet air.

Dish | Coefficients:
18 Dish | Piche | Piche __—
Date. A, B. 0.2. | No. 3

J No. 2. | No. 3
i
1888, |
JUNE 2780 28 veuvviinriaiiionsoanseetote 1.03 1.03 1.36 1.38 ! 1.32 1.3
June 28 to 29 .. 1.04 1.01 1.45 1.46 1.41 l";
JUNE 29 60 30 cevsrarassanns o€ | o083| 1.37] 1.4t 167 I'g
June 3o to July ., 0.70 0.76 1.32 1.35 1.82 1'82
July 1 to July2.. 089 | 0.6 1.66| 172! 179 I
Julyzto July 3 .caveess 0.8 |.....0.. Lyg| 186 2.0 2.9
I

The increasing coefficient, s previously stated, is due-to the fall of water

surface below edge of vessel. . .
In Table I are given the depths of evaporation observed with the Piche 19°
struments on stations, reduced by the coefficient 1.83,

TabLe L—Depth of evaporation, in inches, observed with Piche instrumentss
and average wind velocities, in miles per hour.

June, 1888 July, 1888. | August,1888. | 8ept., 1888
Station.
Inches.| Miles. !Inches. Miles. [Inches. | Miles. Inches.]Mﬂe”
[
............... . .16 10,2 J 5-87 10.8 N . . -6
Rewsicniinl Sao| N3 3| 83| 3R] w3 g &
};Vaézllington . . 4.64 4 427 45| 4.22 39| 2.52 3';
uffalo ...... Y O erececs ctecerecliiininnelinnannnsan veoee .70 "
Cincin;:gti creseenriaees 6.22 6-513 | ggi 57| s.36 5.6 3§g gf
NewBrlesns’ 8| &s| op| 3| x| ge] ¥X) &
Chicago. ., . 5.50 | 10-3 [ 552 83| 6.g7| 104| 3579 gg
Saint Louis 6.18 271 579 7-9 4-41 ] 8.2 4.61 .
Keoler.... ms| 79 ) 65 b | 54| 1005 &7
}'Eumu 13.87 %g ; 13.63 7.2 | 12.88! 5.9 I0.36 gi
.............. 91 . . . . . *
ngag%ity crrreieaion x;.go 1.6 | 82 A T63s g.é’ "6’.8? ....... 5
gmn hntomo. ....... z.7§ ?é } ggg 7.1 5.36 gg gsg 3:3
maha..... 7.0 . . 7.0 .44 X » 2
Denver .... 9.42 3~g 1 10.91 6.7 3.55 6.2 504 eoet h
Saint Vinee 5.63 7:6 . 3'33 7-4| 497 75 |eernreen 217
Helena ... 4-88 79 i - 20 7-1 7.80 | 6.2 6.86 2.6
Boisé City* 5.83 31y 914 2.2 7.68 | 1§ [eeneeens
. j N L

- - »Boigé City, Octobemches,
The amount of evaporation depends principally on the dryness of the 8%
and the velocity of the wind blowing over ‘the evaporating surface. T}:ie
reasure of the dryness of the air is the difference in vapor tension correspo?®;
ing to the temperature of the air and that corresponding to the temperature
the dew-point. .
The wind prevailing inside the shelters is much less than that outside sho¥?
by the anemometers. These latter are the ones given in table above. "
At Washington City, in the shelter at new office (not the same one as tb?
in which evaporation above given was ohserved) the wind velocity, by Zg
anemometer set up inside the shelter for eight days, gave a resu{t of 8 r
miles an hour as compared with & velocity of 6.6 miles outside, only 52 P®
cent. of the velocity outside. he
It has been found impossible to make any satisfactory allowance for t!
wind effect varying with velocity in the observations of evaporation given hereé
on 1u.ccount of the interference with the wind produced %y the sides of B
shelter. . A
StellinF represents the evaporation as the sum of two products, one 8 02
stant mu titplled by the difference of vapor tension corresponding to the te‘mt
perature of the water in vessel, and the tension for temperature of dew-PO‘“e
of the air the other factor; the other product a constant multiplied by bo
wind velocity and the same élffereucea of vapor tensions, While this m8Y,
satisfuctory for the open air, it does not seem to work well when applied ¥
observations in a shelter. The wind effect has been therefore left out of €O%
sideration in this work, except in as far as its effect at all places is taken
be uniform. The figures here given for depth of evaporation must be Vleg‘;t
as applying for the average state of the wind, which, all the year rou?d 5
stations of the Signal Service does not, on the average, amount to more th#
8.6 miles per hour. . .
A scrutiny of the results of evaporation for single days at the various sto
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tions shows it to depend more largely on the dryness of the air than the wind
travel for the day.

Experiments were made which show that the effect of the wind on the
evaporation from a vessel exposed in the open air 18 very great. Two Piche
instruments were taken, one suspended in quiet air and the other fixed rigidly
on the end of the 28-foot arm of the whirling machmc_: set up in the enclosure
of the Pension Office building. The whirling machine was the one used in
standardizing anemometers. The instruments, filled with water, were first
weighed on a fine balance to the hundredth of a gramme. The whirling arm
was then turned so that the Piche on its end moved with a velocity of five
miles an hour. The motion was continued for half an bour, and at the end
of the time both Piches were again weighed. Then, the Piche that had been
sugpended in quict air was put on the arm, and the one that had been on the
arm was put in its place. The whxrlln% was then started again at tl‘le same
velocity, and continued for another half hour. At the end of the time the

iches were again weighed. ~While this was bein done the humidity of the
air was determined from time to time by means of whirled wet and ry-bulb
thermometers. , .

Observations were also made in the same way with the Piche moving at
velocities of 10, 16, 20, 25, and 30 miles per hour. t a velocity of 5 miles
an hour the evaporation from a Piche was 2.2 tlmes‘that from one in quiet
gir; at 10 miles, 3.8 times; at 15 miles, 4.9 times; at 20 miles, 5.7 times; at
25 miles, 6.1 times; and at 30 miles, 6.8 times. During the time the observa-
tions were made, June 25 and 26, 1888, the average temperature of the air
wag 83.7, and the relative humidity 50 per cent. )

The effect of barometric pressure on evaporation, other things being equal,
18 to cause the evaporation to be greater as the pressure 1s lower. ']‘he' energy
required in the expansion of & gas, or the development of g vapor, is equal
to the product of the pressure by the volume of vagor roduceq. The energy
Temaining the same, then the amount of vapor developed will be inversely
Proportional to the pressure. The energy‘requl‘l‘ed n evaporation comes from
the heat of the water, and the water derives Its heat, in turn, from the sur-
Tounding air by contact of the air-particles with the vessel, ' The power of
the air to communicate heat to the vessel will, of course, be less as its press-
ure is greater; but it is not imagined that there would be any a;])precinble
Siminution of its heat-communicating capacnt{]' for pressures on y 4 or
inches below 80 inches. In the work here, therefore, the evaporation at a
Place with a pressure below 80 inches is }aken to be greater than it would be
if the pressure were 80, in the proportion of 80 divided by the pressure at
the place. b . )

In Table II are given for the month of June, at the stations where Piche
evaporometers were observed, the mean dew-point and the mean air tempera-
ture and the mean wet-bulb thermometer readings, as derived from the tri-

aily observations made at 7 8. m., 3 p. m., and 10 p. m. Table 1T also con-
taing the mean barometer readings, the vapor tension °0rresgond1n§ to wet-
ulh temperature and the dew point, and the Piche evaporation reduced by
he barometer factor, as explained above.
wet-bulb, dew-point, vapor-tenagg,s,, barometric press-

T ) — 9
ALy [1.—Temperature June, 1

ure, and reduced evaporation,

; pes :
; R & - & . :
£ Z |2 3 |8 | ¢ | B
2.1 2 | & Tols. 8. %
& a.c a8 P4
Btations. g5 g 22 5 g2 | 28 8%’
g |55 8 57| |
3 3 $ @ i g °
= = | = = | = = &
_—
o o | Inches. © | Inches. | Inches. | Inches.
Boston 66.8| s9-7| -s12| 7| . 29.8| 5.1
Now York. . 7r4 | bgxf g7 Po-o|  -Si9 | 2. 4
WFashington 730 657 G311 Bhg| .SST| o 4
Oincinnsnti . 742 64.1 -597 25‘ 478 29.3 6.04
Memphis ... 754 | 87| 70| 53| 6231 29.6| 429
Now Orioans....ooeereesenners 77:3( 721 -786 X +727 29.9 379
Shicago .. ...... 67.4 | oo .57 | 9| .430| 20.2| 5.43
Saing Louis 73.2 | 66.3| .643 2] 559 2937 6.0
Keclor 739 | 543 <4210 3% 192 26.2 10. 14
Yumy 85.6 | 62.8| .sp1| 450 30| 29.6] 1373
Bl pagg 83.0( 60.7 -529 42'5 m 26.1 12.10
Dodge Gity .. ilillillill 74.5| 632 .s790 2| .4s1) 27.3| g1
8an %ntomo 78.0 722 -7%9 62 722 | 29.1 2.68
Omghg, 70.0 | 62.1 557 56'3 <463 | 28.7 6.68
Denver 68.4 52.8 .39 32~ .218 24.7 7.79
Saint Vincont 62.8 | s7.1| -4667 5271 3g7 | a8.g 5.41
He]ena 58.8 50-7 .369 43-4 «281 25.7 4-17
Bolss Gity 84.2| 53.6| 41| 445) .a93| a7.0] 520
S B

and wet-bulb thermometers at tl{e Signal Service sta-
They fareﬁ:vh"llid;::ldeTth e thermomster
elte whirling apparatus provided for the pu . e computations
de“t-spz]iln: are ulsogunpi?orm and are made from tab es] baged on an extensive
eries of comparative observations between @ Regnsu t’_dew-pomt apparatus
20d whirled wet and dry-bulb thermometers made at ;*‘t‘ﬁ Ing tempe'rat:lres and
‘ h“lnidities at Washington City, Colorado Springs, ‘l‘)“ 1 t}top of Pike's Peak.
e vapor tensions for temperature, taken ag thel Ias(;s of the tables used, are
R;Poch’s values given in Memoirs ofgnt.ﬂBu:.e.nXgn-s y derived from a re-reduc-
On ! ved values for the 8, L
Al{)ft‘}}ze\%r;?utlzg g?;?gulb thermometers at stations .h}t:‘ve cylindrical bulbs.
These instruments have all been supplied to stations within two years past and

4

. The readings of the dr
tions are made on a uniform plan.

are all of a high order of excellence. They are stem-graduated to single degrees
and the tubes were a number of years old before being gradunteg, 80 as to
provide to some extent against changes of their freezing points with age. Be-
fore issue to stations they were compared at Washington City with standards
at temperatures from —28° to 102°. Nothermometer is issued which has a
correction at any of the points ten degrees apart us great as 0°.8, except in
rare instances. In nine-tenths of the cases the corrections are not as large as
0°1., No corrections are applied on stations unless they are 0°.8 or more.
The whirling of the thermometers gives a satisfactory determination for the
dew-point even when the temperature of the wet-bulb is below 82°.

The Signal Service thermometer readings and the humidity of the air cal-
culated from them have a high degree of accuracy on account of the excellence
of the instruments and their exposure. These circumstances are mentioned
because results for humidity of air derived from inaccurate instruments are of
little value, as even the smallest errors of instruments enter the determination
of vapor tensions from wet and dry-bulb thermometers with great effect.

The amount of evaporation that takes place depends on the dryness of the
air, the wind velocity, and the temperature of the evaporating water. In the
case of the Piche evaporometer the temperature of tﬁe evaporating water is
strictly that of a wet-bulb thermometer exposed at the same place.

For the purpose of deriving constants to establish the relation between the
amount of evaporation and the drynessof the air, the evaporation will be taken
as dependent on the difference of the vapor tensions at dew-point and the
temperature of the wet-bulb multiplied by & constant, and on the vapor ten-
sion corresponding to the temperature of the wet-bulb multiplied by another
constant.

For the various stations where Piches were observed the observation equa-
tions given below were formed in this way : The absolute term of each equa-
tion is the depth of evaporation at each place, reduced for the barometric
pressure as previously explained.  Giving these equations equal weight and
treating them according to the method of least squares, in the usual manner,
multiplying each one through by the coefficient of A, in that equation, and
adding, then multiplying each by its coefficient of B, and adding, two normal
equations are obtained.  Solving these, the values of A and ﬁ are derived,
which, substituted in the original equations, give the residuals.

Observation equations, residuals {comp.-obs.).

+.512 A 4-.068 B — 5.11=v. —— 88 e, Boston,
+-.697 A 4-.078 B — 4.4d = . 4+ .15 ... ...New York.
+.631 A 4-.080 B — 4.60=v. 4 .15... ....Washington,
597 A 4+.119 B — 6.04 =. + .85... ....Cincinnati.
1.700 A+.077B— 4.29=v. + .46 ...Memphis.
+.786 A 4-.069 B — 8.79=1v. + .34 New Orleans.
+.617 A 4-.087 B — 5.43 =v. — .60 ...Chicago.
~+.643 A }-.084 B— 6.00=w. —1.05 .., ...Saint Louis.
+.421 A 4.229 B —10.14 =v. + .73 ... Keeler.
+4.5671 A 4.261 B —18.78 =v. —1.15 ........ ... Yuma,
+.529 A +4.268 B —12.10=v. + .27.,... «.....El Paso.
4679 A +4.128B— 1.11 =v — .36 ... ... Dodge City.
+.789 A 4.067 B — 2.68=v +1.81 ...3an Antonio.
+.667 A 4.094 B — 6.68=v —1.46 ... ..Omaha,
+.899 A 4-.181 B— 7.79=v + .94, ..Denver.
+-.466 A 4.069 B — 5,41 =v —1.47 .., ..8aint Vincent.
+4.369 A +4.088 B — 4.17=v. + 41, ...Helena.
4+ 411 A4.118B—620=v. . F .79 rcrrerrnnnn Boisé City.

Normal equations:

(5.887) A 4-1.1550 B —62.21 =0
1.1650 A + (0.3837) B —16.90 =0

A= 1.96.
B =43.88.

These residuals are quite satisfactory, very much more so than any set that can
be derived by allowing for a variable wind effect according to the velocities
given in Table L.

Constants have not been computed by means of the Piche evaporation ob-
servations made in July, August, and September, as there was a change in the
hours of observation of thermometers beginning with July, the thermometers
being read at 8 a. m. and 8 p. m., instead of 7 a. m., 8 p. m., and 10 p. m., as
formerly. An observation has been ll?&de at 3 p. m., and it is to be continued
until the end of the present year, but it has not been reduced and carried into
the regular forms. To get the mean wet-bulb temperatures and dew-points
including this observation, the original records would have to be consulted.
The labor of forming mesns, etc., would have been go great that it was not
undertaken.

The evaporation for July to December, 1887, and January to July, 1888.
given in Table III, have been computed by the formula—

s0 (42043 1)

pwis the vapor tension corresponding to the monthly mean of the wet-bulb
thermometer; pa is the vapor tension corresponding to the monthly mean dew-
point; b is the mean barometer reading; A 18 a constant equal to 1.96, and B,
a constant equal to 43.9. The quantities obtained from the above formula have
been multiplied by a factor 1.08 for months of thirty-one days and divided by
1.08 for February. These latter are the quantities given in the table, and they
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represent evaporations inside of the shelters when the velocity of the wind
outside is 7.1 miles per hour. This is the mean of the velocities at the stations
during June where the Piches were observed. This probably corresponds to
& velocity inside the shelter of 8.5 miles per hour.

The results derived in this way for Boston can be compared with a very
elaborate series of observations of evaporation made at the reservoir of the
Boston waterworks by Mr. Fitzgerald, and resorted upon in the Transactions
of the American Society of Civil Engineers, Vol. XV, 1886. These observa-
tions were made by measuring the evaporation from a large vessel filled with
water and immersed in the reservoir. A raft was floated in the reservoir centre
for the purpose of making the observations. Mr, Fitzgerald concludes from his
experimental work that there wag no difference in the amount of evaporation
from vessels in sunshine and shade. The results of the work, as given below,
are for a different year from that in which the Signal Service observations
were made.

Depth of evaporation at Boston.

At the water-works reservoir. At the Signal Service station.

Month. Inches., Inches,
January.............................. 0.90 | 1.62 Computed 1888.
February .. 1.20 | I.81 Do.
March....... 1.80 1 2.25 Do,

April .....e0s 3.10) 3.22 Do.

4.-61 | 4.46 Do.

5.86 5.16’

""" g: ig g% Piche observed, 1888.

4.09 | 2.68

2.95 { 2.65 Computed, 1887.

1.63 | 2,21 Do,

1.20 | 1.46 Do.

teeveseaenars| 39-11 | 38.67
34-40 July, 1887, to July, 1888.

The mean annual evaporstion at the Croton waterworks reservoir, New
York, quoted by Mr. Fitzgerald, is 89.21 inches. The evaporation at New
York City Signal Service station, as found here, is 40.6 inches.

An extensive geries of evaporation experiments was made at Milwaukee in
1862, 1863, and 1864, from April to October. They are given in detail for
each day in the Report of the Chief of Engineers for 1867. The results for
the monthsare given below with the evaporations alongside of them as observed
at Chicago by means of the Piche evaporometer in 1888. The Milwaukee ob-
servations were made by weighings of a large shallow vessel filled with water
and set up inside a thermometer shelter. The incomplete observations,
twenty-six days, twenty-seven days, etc., are probably due to loss of the ob-
servations caused by rain.

Depth of evaporation in inches.

Milwaukee. Chi

icago

Month. I Mean. {8&?8% '

1862. 1863 ! 1864. Piche.
APril.cieeccieretieeetiiieractiociiniijsonnecsssons 3-04‘2-65 2.
8Y ... 4-32(27) 3'50,&15(29) 3:33 leevuuaneen
June... 554 5-41 17.35 6.10 5.59
July «eenunn. .49 518 |7.45 -37 5.52
AUQUSE .. oveieinan 5-04 4:73 14.78 4.85 6.97
Beptember........ 3.83(27) 4.00 | 2.00 3.28 579
OCLOber sosvseererorecrrasiseasascas| 300 sevessnaefiiaciinaes 3006 [convuannne

As re%ards the accuracy with which the figures for evaporation given in
Table III represent the actual evaporation from ponds, rivers, and lal es, the
following may be remarked: :

The effect of the high exposure of the shelters is to make the figures too

eat, the wind action being far greater at the height of the shelters than the

evel of the ground. The evaporation taking place from a small paper disk, as
in the results obtained with tge Piche instrument have a tendency to be too
small, as the determinin§ temperature of evaporation is that of a wet-bulb
thermometer exposed under similar circumstances. In the case of a body of
water the determining temperature of evaporation is nearly that of the average
temperature of the air. In the sunshine 1t is far above the air temperature in
the 1(I:ase of shallow water. The results are probably within 20 per cent. of the
truth.

In conclusion it must be stated that these figures only represent possibilities
of evaporation and not actual evaporation over the whole surface of the coun-
try. If a set of figures were prepared for the various parts of the country
wiich would represent the opportunities of evaporation which depend on the
relative amount of land and water surface and on the wetness or dryness of
goil and the amountand character of vegetation, the product of the two sets of
figures would be the absolute evaporation.

TanLE 111.— Depth of evaporation, in inches, at Signal Service stations, it
thermometer shelters, computed jrom the means of the tri-daily determina-
tions of dew-point and wet-bulb observations.

: 5 | 2 | Slagl &islsls
Stations and dis- % % g % g % § % 2 é’f % ]
tricts. P I R I B - SO S B D G I
sl !l a o3 — B |js |29 &
HEEHEHEAER RN AT
New England. l ' i i i ! , ( !
Ensc or‘ij: 0.9 1.4 Ig, gg fg, ;g 2-3 2.9 2.5 2.6| 2.2 1.4 25-;
ortiand............| 1.0[ 1.2/ 1.5 2 . +3 3-8 3.9 3.4| 3.0 2.5 1.4 29
Manchester. ........ o.g, 1.6, 2.2 ,23.3 2-8!. s‘d, 41 3.3 2.5| 2.8 2.4 1.4] 33:3
Northfield ..........| 0.§ 1.0 I-5 -3 '5l 34l 3.5 2.7 2.3 1.8 .3 1.0} 23-9
Boston.......ovuuun | 1.2) 1.6, 2'21 34 31 47 4.4; 4.0 3-5 2.7 2.2 L4 34-4
Nantucket .... v i 1.2 "5( 1.8 2", 33 38 3.4 27 1.8, 1.8 256
Wood's Holl o5 0.8 18124 I8 29 25 324 251208 o5 203
Block Island.. x.xl I IJ, 20 I8 26 2.5 31 2-8’ 2.6! 1.8 1.4 240
New Haven ......... 11 1.6 1.8 270 2:7] 4.1 37) 38 3132 2.4 1.6[ 318
lj‘ev; London.:s....., 1.5l 1~3| 1.5 26 2'8i 4'°l 3-4 3-9, 3-2, 3-1 2.4 2-!, 31.8
fid. Atlantic States. i i !
Albm;yk(l 0-9! 1.2, l~g| §2| gg 3{57 5~o! 4.7] 3-2; 3.0: 2.1!, 1-4 34-2
New York City .....[ 1.8 1.4 2+ . -3 . 5.0 g2 . .1 3.3 2.2] 40
Xhli]ndel;éhiu y 1.6} 2~£' ’;‘gl ;2| ‘}g| ggl 5-7| 52 i‘;l 2.o'| §§| z.z‘ 4?-‘;
tlantic City ... 1.2 1.6 1 . o . 2.9 . 2.4; 1.8 1.2 1.5 25
Bultt‘imloro..y.. 2.0l 2.2 2.8 51 47 5'6: 6.g| 23 4-2! 4.3 3-6| 2.3! 481
}Vnsblington City 1.8; 1.7] 2~§ g;l ig gg 54, 49| 41 4-2 4.5 2.5 42?
Lynchbur, . 2.6i 2.7, 3- . . O 4.7 -3 .33 2| 2.6 45
ng)urfolk[.g.....q..i... iy ¥ 2y 53 33 a7 4-6} ?,?, 33 3.% 3.3l 1.8 350
th Atlantic States. | H { ! s . :
Charlotte ..... veron] 2.6 2.6 4:3 6:4f 45 58 40 4.0 4.6 4.0 3.6| 2.6 49-0
Hu%{ema(.. .. x.sl x.g: 1~2; ;gl :'fl g~°§ 3.3l 2-1; 3.5, 32 g'éi ?.6, 3;3
Raleigh ....ooev.ee. .| 2.0; 1.8 2:6; 3:5 L ‘4 4.2 3.2 3.0 2.7 2.4 1.8 3]
Wilm%ngton 2y 22 27t 3y 33 43 43 31 39 34 2.8 2.7 384
Charleston..........| 2.5/ 2.5 3-5, 3'% 3‘9[ 44 4.5l 4.8[ 4.2[ 4.0 3.2 2.5 437
Columbis ...........| 2.2| 2.3 2:6j 4 43 54 4.2 3.8 4.203.4 3.6 2.4 432
Augusta ..... ceeef 300, 20 3-41 53| 4'8| 50 4.8/ 4.5 51 41 3.6 31 49-3
SAVADDAN «arevrnenes| 3031 2.8 411 47 4.3 4.6] 4.2 4.5 3.4 3.6 3.5 2.8' 46:0
Jacksonvi}]}l&....... 2.9' 2.6| 3'9|| 4‘3|' 46 5.3 5oo‘ 47, 3.8 3.6i 3.0 2.1‘ 457
Florida Peninsula. i ; i
Titusville ...oveeses 3-5’ 2.6 3.3 3-8 3‘81 4-3| 3.8 4.3 4.01 4.1 3.6 3.1 443
Cedar Keya...ovuess| 3.3 2.8 2.0 3.6 4.5 5% 50 55 45 4.3 3.5 2.6 49
KeyWesGt.,[.,é...... 3.8 3.7; 3845 44| 48 50 53 4743 3.8 36 5
Fastern Gu tates. ! { | i
Qtlnnmi--.{--.----- 2.7 22' 45 G2 47 jgl 4~5‘ 4-7{ 58 4:6 4-2] 2.5 553
cieeressess]| 2.9 2. i = . -0 . .2! 4. .6i 3.4; .
Mobilo remeres it z-g| 2.5 2.8 3:5| 37 4.9 2-1| HE I z.§| 42.1
Montgomery........| 3-5 3-3 sl 65 59 58 4.3 4.5 570 4.6 4.3 2.1 56:6
Vicksburg ..........| 2.1 2.5 3.6/ 51 5.7 4.8 40 s-oi 4.7 3.4l 4.0 2.2 47+%
N;f/w O”e(;mf'fsmm 2.8‘ 2.8 4~1'[ 3.8 4'2| ‘Mi 4-x| 4.3 4.4| 4:6, 3.7 2‘51 454
estern Gu tates. . | : ;
Shrevepon.{...... 1.6 Z-I! 3.0 481 4.9 4.2 4.9 5-2! 5'°| 4~x! 3~4| 2.4 458
Fort Smith . 2.2 27| 3-5 3*3] 4'4’ 4.6 5.5 46 4.7/ 59 3.9 2.2l 496
(I:itt.le l%);k..t.( 2.1] 2.2 gg §~g| gg, g;l 3.4: 5.9 5-8] 5.2 4.3 2.3i gég
sorpus Chris I.4( 1.6 3-3) 3-9 . . -4] 4.3 4.3 4.1 3.0, 2.3 .
galeeston...,. 1.6, 2.8| g;l ig :g 3;’ s.g- 5.25 5.2! 4.7 3.2 2.4 3175‘1’
alestine ....... 2.1, 3.0, 3 . 3 . S. . 4.8, 4-.4| 4.0 2.1 .
Sau Anton;g Viatiens " 2.4| 3.3; 4~Ii 3.8 4'°l 4‘5! 6.6‘ gs’ 5.2[ 5.2 :2I 3.1' 52-4
Rio Grande Valley, ; i i Lo
Rio Grunde Gity ....| 2.7/ 3.5 3'5 3:2 4:5( 46 6.9 7.9 5.2/ 4.9 3.6 3. 1l 53:;
BrownsvnleT........ L8 2.6, 2~9i 3 , 35 39 4~0j 4-xj 3.3 3.0 2.6 z-sl a7
i . & Tenness . .
8“&%3@ 2.0 3.3 33 53 3'7[ 4:3 4.3 5.0 5.4, 4.0 3.9, 1.9, 46-4
Knoxvilloou.oen i) 2.4 2.5 3.4 59 3.5 4.7 4.9 5.0] 4.9 4.1 3.8 2.]| 45'8
Memphis .., . 20l 2.3 31 59 53 48 4.9 54 5.5 4.2 4.1 2.4 507
Nashville.....c.oin] 1.9 2.1] 3.2 59 50 51 53 6.3 5.9| 4.0 3.3 1.9| 58
Louisville ....eeoun| 1.7) 2.1 §2| 22 23! 2-3’ 6.8' g.;; 6.4 4.9, 3.8 2é: ig'é
tndianapotie- e vh vl s ag) 52 84 2183 334 3ia s
Columbus ..........| 1.6 2.0 2.3/ 4.5 4.8 5.8 6.9| 6.4| 5-1| 4.0 2.6 1.8 47,
Pittsburg . ...ocoove| 104) 59 2~2|- 3-8 49 5.4 6.6[ 5.6 4.g| 3-4) 2.8 2.3 435
Lower lake Tegion. | 1
Butfalo.......og...... 0.2, x-x! ;% ;’;‘ ggi sgl 4-9' 5-zl 39 2.8 1 9! 1.6! ggg
OIWeRO «cvvvrss 0.6 1.0 1. . <8 3.8 3.9 4.9 3.6 2.7 2.2 1.0, ¥
Rochgster. .. 0.5 1.1 0-9!, 2.6 3~SI 4.9 4.6 4.1 3.85 2.6 2.2 1.3l 3"3
Erie...... 1.0, 1.4 :.4[ 2~7, 37t 4.0 5-5| 4.8' 31 2.5 1.9 I.2. 33‘7
Cleveland . 1.x| 1.4 1-5 29, 33 44 52 4.9 3.8) 3.4 2.4 1-4| 35%
Snndl;sky. 0.8, 1.4 ;g gg ggl 2(6:: 24| 24i 37 3-4] 2.2, 1.3 ggé
Toledo.... 0.9 r.1| .5 3 -8, . . 0] -4 L7 34 2.4 1.3 3
Detroit ...... vieeeo.] 0.8 12! 1.6 301 41 4-8, 59l 5.2' §4| g.8| 2.0 X-S! 369
Upper lake region. i H
Alpgl’:a g 0.7 0-6, 0'9‘ 1.6, 2.1 3.6 3-8[ 37 2.8| 2.2| 1.5| o.8| 34‘8
Grand Haven... o5l o7l 1.3, 28 31 3.8 47. 38 27 2.6 17 10 382
ansing..... 0.6/ 1.2, 1.4{ 27| 2.8 4.0 4. .9 2.4] 1.9 1.4| 1.0| 37
Lansing | . 43 39 4| 1.9{ 1.4 .5
Marquette ..........| 0.8 0.8/ 0-9 171 2.4 3.3 3.4 3-3 3L 22 L3 L3 24
Port Huron......... o.6| 1.0 1.1 2.6 3.0 38 3.6 4.2 3.2 2.4 x.7[ 1.0 zgg
ChiC8ZO <\ vuen... 1.0 1.2 1.8 32 3.3 48l 54 53 4132 2312 3,
Milwa%kee cieeeeens] 0] x-g' -4 :‘; :g 3-8| 4-2 37 342 9l 1.9! o.9| 2
Gree: BY seveeeesasf 0.5 0.6 O . . 4.1 . . . . .9, O
Dututh ol oy o o-6{ L5l 24 %§ 3 g:, 35 §§| -9 ,.3i 230
Extreme northwest. f
Moorhead ...... ....] 0.2 x.4] 0.5 2.1 3.6 3-8|| 37 3-gl 3-5/ 24 1.3 o-Si ’g‘;’
Saint Vincent.......| 0.3 0.3 o-5! 18 3.8 3.9 31 2.4 2.8 2.0 0g 03 ¥,
Bismarck...........| 0.4 0.6; 0'6, 39 4.3 4.9 5.6] 4.2, 4.o| 2.6/ 1.2 04 3¢
Fort Buford ........| 1.4l 0.7 0.6 3-9 4.7 5.0 6.2 4.9 4.8 3.0 1.7 o.s| K
Kort ToItten ..... i @2 o.3! 0-4; 22 4.6 :«)-8I 43 3.9 37723 1.4) 0.4 3T
Upper Mississippi Val. : ; 8.5
gaint Paul ..........] 0.7] 0.7 2.2 20 2.3 41 5.0 3.9 2.8 2.4 1.5 0.7l # .
LaCrosse..... 04 1.2 14 S'g 35 44 54 4.7 3930 1.8! 0.8 3;.‘9,
Dnvenplort o-2| 1.0 ;g' 571 g?i :2| gg; 6.2 4.4 3.0, 2.3| 1-; 26-0
0. .0 I. ¢ 1 . . .7 . . .3 0
Bﬁ%au‘guﬁ? . o-g! i-oi 1.4 :g 2~? 4.2 6.3, 2&711 g; gg: fg: o-g! f';;
Keokuk...... .v....} 0.8 1.1j 2.1} 4- 3 4.3 7.0 6.8 .0l 3.8 2.9 1-2, X
CBITO..uvrsorerenenns 1.6 2.1 2.9 5‘8! 44 43 56 6.5 5.1]4.5 3-8, 2.3 453
springfield, Nl..... o.8l .1 2-0! 4.6 3.8 4.3 5-4] 6.5 4.5 3.5 2.9 1.4 475
gnint Louia.........| 1-3 1.6 2.5 55 4.7 59 7.5 8.0 5.9[ 2-6 3.9/ 1.4 5
. Missours Valley. ! 6| | goa 0 N | | | 196
LAINAT . .ovseaseeees] LI 1.6) 204 3- 4.0 -9 4.6 3.7 3.6. 2.9 1.5 3.
gpringfield, Mo .....] 1.1l 1.7, 224: 50 4.8 4.0 50 3.4 3.4 3.5 31 L4 3
Leavenworth .......| 0.9 1.5/ 2.3 4'61 4.5 S.0 6.3] 4.5] 4:0] 3.9) 2.7, 1.4 46-*
) R x-x| 1.7 2.0 4:°) 4~!| 41 63 35 32302714 Iy
OMaha. .ovveviniiiid 0.8 1.5 1.4l 4041 3.8 520 6.2 52 4.3l4.3 30 1.4 4
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TasLe I1L.—Depth of evaporation, in inches, &c.—Continued.

Meteorological record of voluntary observers, d&c.—Continued.

1 A o . - .
. . l§ . = & 5 el sl e
Stations (tll)d dis- % g % ! % gi 2 gi CRRR: 218
tricta, s SEE 5 g > 0 o P N
g8 5. g = -] _ 3 =W B G
S22 21311818128
Missouri Valley. | | [ ‘
reto . voveenej 09 1| 1.2) 3.5 3.3 4.5 §6 47 3.8! 3.6l 2.4] 1.1
Valentin 1.2l 1.6/ 1.8/ 5.0/ 3.2 53 6.9 50 5.2 3.8 3.3 Ig
Fort 8ull 0.6/ 0.9 1.3 4.4/ 4.1 52 77| 49 57 3.6 2.8 0.7
Huron .. . o3l 0.71 0.8/ 3.7{ 3.7 41 57 42 4.1 3.1 2.4] 0.7
Yanll\{’to(r)]z”“uri)'e“” 0.4 1.4i 1.2 3.3 3L 44 4.6 3-71 2.9 3.0 2.2] 0.8
orthern slope. |
Fort Assiniboine ...| 0.8) 1.2' 1.2 3.8 4.1 4.2 6.8 S5 4.8 3.5 2.5 1.1
Fort Custer.........| 0.6 1.5/ 1.3 5.4] 6.8 4.9 9~g. S-g 6.1' 3.3/ 2.9| 1.5
Fort Maginnis ...... IO L4 I.I 3.3 3.2 4.6 6. i 4:6; 3.8 2.8| 2.0! 1.1
elena..........e0ee| 110 3.6| 2.1 6,11 4.3 5.5 7% 7-t7s- 6.4 4.3 3.0 2.1
Poplar River........[ 0.4/ 0.8 0.8 2.7| 4.9/ 57 6.0 4. 4.4 2.5 1.7] 0.7
Choyenne........... 3.3! 57| 4.0, 8.2| 5.2 10,4/ B.0 7.7, 8.6 5.8 6.1 3.5
I\'orgl‘z};bt?........ 0.8/ 1.8 1.8) 5.4 3.9 6.9 6.0 4.8 3.7, 2.8 2.3 1.1
( stope. :
Colorado Springs....| 3.9 3.3! 4.1 6.7 56 4.3 6.7 %‘2 6.8| 4.6| 4.2[ 2.9
enver..... teenee ... 2.8) 3.7 3.8/ 7.6{ 5.8 10.5] 8.3 S| 6.1 4.9; 4.2| 3.3 .
Pike’s Peuk.........f 21 x.g; 1.5/ 2.1 x.BI 1.9 3-0' 4.0 3.0, 2.3 2.8/ 1.0 .
Concordig...........| 3.3| 2.8, 1.8 4.8 4.3 57 7-3 2-2 4.3 4.5 3.4| 1.8 .
Dodge City .........| 1.4} 2.4] 2.8 4.1] 4.6 7.4 8-8. -6 5.5 52| g.2| 2.1
Foréoftl’llioet el 1.3’ 1.9] 3.2 5.1] 5.4 8.2 7 | 6'2, 5~4;, 4-7| 4.2 3.2
ern slope. :
i“gr}tsill xgl 2.0l 2.6 3.8 4.0! 4-3 32 ;2' gx: 4.2| 4.1| 2.0| 46.1
\bilene..... eeol 1,8 1.7/ 3.1; 4.2 S.0 5. °5; .5 22, 4.5| 3.4| I. .
Fort Davis.. .| 54l 5.7/ 67| 8.5 11.0' 12.0/ 11-4' 9.0 5952 5.; 4.3 322
F(:gx:u?’:nmonl..t;..... 3.9 3.9/ 5.2/ 7.3 9.5 10.9] 9.4 11.6 3-9] 4.0 3.6 3.8/ 76.0
ern platean. ,
Eal Putig...fv. 4.0! 39| 6.0 gg xg.g{ 13.6) 9-2 ;g gg 52 4.6| 2.9| 82.0
ntalFé ... 3.0 3.4/ 4.2, 6. -8 12,9 9 . -6, 6.7 5.7| 27| 79-8
Fort Apache 2.6/ 3.0 3.6 6.8 9.4 9.1 71 67 5.3 5.2l 412§ <7s§.5
Prevoatt .. B - I IS T B P o
umu“,:: : 42| 5:2 2.6 3.6‘ 9.6" 12.6] 11.0; 10.2 8-2: B.g %5 4:6 95:7
eﬁl{ﬁ;ﬂ“ 3.oi 4.6/ 6.3 87/ 9.3 11.9 12-8[ 13-9| 10.6; 8.8 5.9’ 4.8{ 100.6
¢ plateau. ! .
Fort Bidwell..... 0.8 1.8/ 1.8: 4.6] 5.2, 4.9 8.8| xg-l 5-0‘ 4-6| 2.4 x.g 48.9
innemucea . 0.9' 2.8( 6.2} 9.1 9-3[ 10.1 H'g| w'° 9-9 6.6{ 3.7 1.8 83.9
8alt Luke City 1.8 2.7 3.6, 7.3 6.9 8.9 932 8'7 9-6| 6.5| 5.0| 2.3 74.4
ONLrOBe ...c..c..o.| 1.8; 2.7] 3.7] 6.2) 7.0 11.1 10.3; 6'5? 6.9| 5.2| 3.4| 2.0 68.3
3\!"& i?;)ndgml' s 1.6‘i 2. 5 z.7i 4-3 4.3i 6.5 77| g 5-6( 4.2 5.2/ 471 56.1
orthern plateau. t
B0ig6 City +oevererne| 1.6 2.5 3.8 6.1 6.5 6.6 100 92 7.4 53| 3.2 1.8 639
okane Falls o7, 1.7] 2.7 44| 54 44 77 4 3.8 2.5 1.7| 1.4} 42,
lx;lli;)\k;u]];\lé.....‘:. 1.1] 2.9| 3.6| 6.2 7.7i 5.7 99 79 S-li 3.4 1.8 2.4] 57.7
orth Pacific coas
ort Canby .........| I.2 I.1| 1.8| 2.1/ 2.8 2.3 !-g 2? 1.8 1.8 1.5 0.9 21.1
glym‘{na.......... J| 13 1.2 1.8 2.5 4t 3.3 32 31 2.4 1.5 1.3 10| 26.8
ort Angeles.... 1.0 0.9 1.8| 1.8 z.g: 2.1 2 . 1.5 1.2| 1.3 L.1} 19.
atoosh Island . 1.2 1.1 x.g 1.4 1.8 ;? :1“4) ;3 ;g 1.6 x.g 1.4f 18.1
. 1.1| 1.0, 1.6 2.1| 3.0 . ] . 6| 2.3( 1.8 1.2] 25.
0.9 ,é ;; 3.4 2; gg g: 2; gg ;z x? xg 34,
1.2 1.6( 2.7, 3.9 . . . . . .2} 1.7] 1.6] 39.
| | i
3.0! 4-6| 5.4| 6.1 7.0[ 6.9 u.oi 10.7 xo.x!xo.s 5.9| 3.6 84.
1.8 3.; 3.7 4.:;1 4;' 5.? gg, gg gg 7.3 3.3 2.4 52
2.7| 2-7; 3-3 3 2. 3 & * +3| 5.0/ 2.8| 3.0 30.
; | i f
1.8 2.8/ 3.0l 5.6/ 6.0 7.0 91 102 5.6l 6.9 3.8 2.2 6s.
o8 Angeles ........| 2.3 2.0 2.8 3.4 3.9 38 33 35 31| 4.1 3.0 3.¢f 37-
Ban Diego....ooeerers 2.91 2.7 2.5 z.7l 3.3l 2.8 3.2j 33 2.9| 4-3) 3.2} 3.7| 37
) ]

Meteorological record of voluniary observers and Army post surgeons, Sep-

tember, 1888.

The maximum and minimum tem i
ings of othe’:)- than standard instruments,

-
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N0 NI o0

eratures at stations marked thug (*) are trom read-

Temperature. & ! ’I‘gmperutqre. .
Stations. (Fahrenheit.) a ‘ Stations. (Fahrenheit.) “:.
w| £ 8] ¢ il & ] g |8
s | 8 a4 £ g
=g lgl&y 0 |=[E[g]s
il ) | |
X o o o Ins. I Arizona—Cont'd, | o e i o Ins.
Aubuineod% .8 | 46 | 721 | oo ] Fort McDowell ... liag | g8 1. 030
ermuda .. ...l g0 | 52 | 74.0] 5.09 j; Fort Mojave....... 59 | 88.2 | 0.00
Arroliton . | Bs | 46 |89.7 [ 327 Loviston ......... R RN
itronelle.........., 93 | 49 |76-0}4-50 I',lrﬁg:!‘;sn“’“ Uy eyl 00
0.0 | 3 teesess] 010
Fl‘t){?gr::'le .. gg 2;} g7-3 gég ! W!ﬂplple Barracks .| g 52 veeeen| 0.62
Fort Deposit ......| 9o 49 | 757 | 8.03 |! Winsfow VAR 44 ieeensd 0TI
adsden ...........| 87 | 35 | 68.1]7.08] A’g‘é‘r" as
reensborough ....| B8 | .30 [71.6 | 7.93 || Alexan <88 | 49 {69.3]1.55
Livingston.........| 88 | 48 |71.317.30 [; Conway. o2 | 49 !639]1.92
BEIOT . veurs vvvv. 88 | 44 | 73-2 | 3+84 | Dallas.coceecveens 85 | 03 | 70.7 | 0.50
M¢. Vornon B'ks...| 03 5o | 75.0 | 2.64 i Dayton.. (o i 99 | 65 7rp 160
Mount Willing....| 85 | 30 |73-5|6-32 || Devall's Blufl......189 1 42 | 68,5 2.35
ow Markot*......| 83 | 40 62.9 6.91 || El Dorad ...ceoe../ 86 | 45 | 69.2 | 0.30
Rine Apple .. 90 | 26 [73.9 |-enss (| Forrest City ... col 91 | 56 |73.6|o0.50
Talladegn . 87 | 30 |72.1|0.96| Graham..ceceeees . g; 40 |......[ 0.25
Uscaloosa 85 | a4 | 74.2] 2,76 Heber ... 40 1 67.8 | 2.10
Tuscumbia .. 85 | 41 |[68.2 | 2.42 || Helena............. 88 | 47 [69.7 | 1.00
TPOy.. ....... veeses] 84 54 | 74-4 | 63 Hotsg{‘ﬁgs'“'----.... 45 l..e.. | 070
Union Springs .....J 90 | 44 |72.1]6- Lend Hill.coooovoull o7 40 1 68.9 | 0.48
Uniontown........| & 45 |73.7 | 422 || Lonoke ... <91 | 50 |73.4] 162
Valley Head. 8% 30 | 65.7 | 2275 j; Malvern..... <90 | 60 |77.5]0:94
Arizona. Monticello .c.....lgq | 45 Zg 1| o045
Antelopo Valley o.ufoeveeferensefienins] 0010 Osce0la  eveeenen 88 | 43 1] 0.94
cednrgrings St o6 || OzONe caeeeseeeni 86 | 49 64.0 | 175
Plagataff........... e 2| 1.00 || Portia ... Jdos | 43 [68.6 | 121
GO o .......-...-9-7.-...:.:'. -:-' .65 proscott.,.. J 86 50 73.1 | 0.10
Holbrdéi{"”"”” 2 . 8 5107|087 Russellville , . 9o a1 | 70.2 | 0.70
Fort Huachuca ... 85 go .4 o.96 |l Btuttgart ... 87 | 43 16851120

;I'P?"tllpe“;x‘“,fe' & Temperature. | .
() . b it. 4
Stations. ahrenheit.) ) Stations. (Fuhrenheit. ) B
- N F) > . E]
AN RN rdlE 8|2
E| R =18 P2 | = |8 [ &
'lﬁrkaflu(sas—Cont'd. ° ° o | Ins. ! Bllui]‘tioi«s—Com,'d. o ° o | ms.
eXATKANR . oveveenef 97 4.1 { 0.5 elvidere,,....,...| 8 2 . 0.68
Washington ...... . 88 :; ;1. 1 { 064 || Brush Hjll,,, 3 39 253 2.2y
British Columbia. Cedarville ..... 32 | s57.5| 081
New Westminster.|.....|......| 61.1 | 1.78 || Charleston«....... 36 | 68.6 | 1.42
California. Collinsville...,.... g; 38 | 64.0 | 2.26
Alcatraz Island ....| 64 | 54 {......| 075 || Dwight . ... ...lo1 | 32 |6I.9 |0.40
Andergon..........|to4 70 | 84.0 | 0.00 [i Flora..............| 86 32 | 62.0 | 1.26
Angel Island, ceeeer]oesens] 1-15 | Greenville ,..,.....{ 92 | 32 |63.3 ] 1.47
Bunning.... . 58 o.10 || Griggsville ...,....[ 8 | 37 [ 65.1 | 4.00
Barstow ......iieee 55 o.38 || Hennepin..,.......| o1 30 | 60.3 | 1.3x
Benicia Barracks ..| 84 58 [......] 0-90 |! Irishtown..........| o1 39 63.g 0.87
Fort Bidwell ......| 84 52 |eee.s.| 0.34 [ Jucksonville ..., ..| 87 37 | 61.6 | 2.0§
Fort Gaston .......| g0 43 [eesaoifeonns |Jollez...... cessens] B2 36 | s8.0 | 0.90
Fort Mason........l.....l......) 60.0 | 0:86 | Lacon ....... ., 88 32 | 62.5| 1.04
62 | 86.0 | 0.07 [ Lake Korest.,,....[86 [ 30 | 58:.0]1.50
63 |82.0|0.06 | Lnzark .,.... . ...| 8 34 | 620 1.24
. 54 | 62.0 | 0.92 |, Martinsville ,...... g 34 | 61.9|1.36
Oroville..... ......|102 57 | 80.0 | 0.63 [ Mascoutah ..,..... gg 44 | 67-7 x.zg
Presidio of San ¥..| 67 SI |eesed.] 0041 ‘ Mattoon .,,.., .. 94 32 | 60.0 | 1.4
Sacramento........| g8 48 | 68.6 | o.51 || Mount Morris , 8s 32 | 591|270
a7 9.6 | 0.56 || Oiney ..,.. 88 41 | 65.0 ({ 0.91
53 27.9 0.03 |' Oquawka , 2 38 | 68.2 | 1.00
47 | 65.0 . | Oswego 34 29 | 56.3 | 1.22
52 [79.2 [0-38 | 8o | 34 26-9 o0.60
H 86 32 1.4 | 076
35 | 625 T [ 8 | a0 |63.2]|1.66
41 | 60.2 [ 0.29 (! 88 36 | 60.1 | 2.44
40 | 60.6 | 0:42 i g0 32 | 62.7 | 2.17
Georgotown........| 74 | 36 | 551|007 |i or | 35 | 619 4~7g
onnecticut. ‘ 88 34 | 62.0] 1.1
Birminghom .c.oooifoeiifocenns]oeress] 7:67 . 88 35 | 620 1.18
Canton ............| 80 | 28 [......| 9-92 || Pontiac ..., 2 | 32 |61.4|0.47
Colchester . ... .88 | 28 [§9-5 (eve:- || BilOYy .ol go 31 | 56.4 | 1.00
Clark’s FallB..ooues|oeeoa]enared]siaasa} 962 || Rockford,,, 8r | 28 5‘8-2 "22
Hartford a.... |78 | 28 | s7.5|7-08 | Bandwiche, [ |8 | 40 |61.6|1.
Hartfordb.......... cevsesfsesacs 7:82 ,BouthEvanston.... 86 32 Jsesee| I.54
. veveseessess| B:347| Bumner, 90 | 32 [66.8]1.40
Mansdeld..........| 78 27 | 57-1 | 8-45 |j Bycamore, 81 27 | 54-9|1.09
Middjetown .. 77 3r [ s8.5]| 781 andalia.,,. 8s 36 |63.0] 1.25
Now DBritain ,. Vives|eeseas]enasce] 7:95 || Watseka.,,, gg 31 | 59.2{ 0.50
New Hartford e, 79 | 28 |s6-2{9 White Hall, . 40 | 65.3 | 2.10
N. W00dBtOCK voveeleerslsasanifovesss] 9-24 | Windsor., , 88 | 34 (6,2" 1.28
Pomfret...ooveeeeeens. Jeeeess| 8-95 || Winchester ,, . gg 28 40 | 2:45
8helton ....... . 59-0 | 7-35 || Winnebago .., . 33 | 57-4 | 1,10
Southington .. 59.0 | 7 Woodstock 8o 55.2 | 0.82
Thompson.. 5746 foeece .
Uncasville seeees| 9°45 |t Angola ..., 183 | 39 |61.0][3.93
Voluntown ., i Blue Lick .. 82 | 40 | 64.03.09
Vernon Centr: i Butlervillee® 86 | 34 | 64.7 | 2-69
Waterbury.. | Columbia City 8 | 35 [62.1|1.28
Wadlingford ., | Columbus, 86 35 | 62.2 | 2.18
W. Simsbury....... ; Connersvil 82 34 | 61.4 | 1.35
Dakota. Delphi .... 88 | 37 [60.5!0.69
Brookings .........] 93 23 | 56.8 | 0.56 || Degonia Springs... gg a7 [ 665 1.
Davenport .........| 88 25 [veee..| 0-52 || Farmland'.. 7 36 | 61.5 [ 1.4
Fort A. Lincoin....| ¢4 27 | s8.4 | 0201 Franklin....., 86 | 35 | 6271220
Fort Meade ........| go 35 | 58.9 [..-.. || Jetlersonville .| 84 39 | 647|332
Fort Pembina......| 84 | 24 53§ 1.10 || Lafayette.......... &i 33 (617|040
Fort Randall.......[.....]eeeereleeren 0.66 || Marengo . ,,, . 3 66.4 | 431
Fort Sisseton......| 88 | 32 | 8.3 | 0.08 || Marjon,. ., 18 | 37 | 594|011
Fort Sully .........| 95 31 | 6s.2 | o.10 (] Mauzy ......., .18 29 | 56-5 | 4-32
Fort Totten .......[ 87 | 31 | 7.1 | o-49 || Mount Vernon..... 40 | 67.1 | 1.08
Fort Yates .... ....] g5 27 | 58.0 | 0.20 | Princeton ... go 36 | 64-1 | 0.g0
Gallatin ®.... voveeufeeseifevnses| 5642 [ooe.. ij Richmond ., 2 36 | 6o.4 :.gg
Garden City. '8¢ | 29 |56.1 060 Rockville ..., 85 | 31 [63.0|1
Goddard...........| g5 3L [seesss]eees. || Sunmane, 86 30 | 61.1 | 1.23
Grand Forks. ......[ 81 22 | s7.2 | 1.32 || Seymour... .., 82 | 44 | 65.0] 1.20
Kimball ®..........| 90 30 |52.5]015 Beallsville ..., 89 41 | 67.1 ] 1.24
New England City .| o3 | 17 |54-1 | To | Yevay......ooii...[85 | 36 |64-3 ] 4.22
0.48 || Worthington......| 83 34 |61.7] 1.32

Webster. ..........| 89 27 | s8.0

onsocket ....... 2 8.7 | 01 Indian Territory.
Wo % 7T ! CoddoCreek.?.r?... o8 | 48 [ieeend|s

Delaware. A s seee
Newark ...ooocveanef 76 42 | 57.1|0.26 ) Fort Gibson .,.....[ g5 40 | 70.4 | 0.18
District of Columbia. Fort Reno.........| o4 40 | 7101 I;l§°

Distribut’g res’v'r # 81 44 | 65.4 | 9-74 || Fort Sherman......| 79 45 feeoess
Receivingres'v'r®../ 8o | 41 63.4 .93 il Fort SU})ply veenees] 94 | 37 |eeeess] 1020
Washington nque. ® 86 43 | 68.2 owa.

Florida. Amana. 1.38
Altamonte Springs.| g3 58 | 76.5 ) 7.47 || Ames ., ;% o.8s
Alva®.. . ..... .| 93 66 | 76.1 [11.82 || Bancrof! 30 1.22
Archer..... +|100 52 | 79-1 [10.82 | Cedar Rapidsa 29 1.07
Duke ........ ot s1. | 76.0 11.86 ; Clarinda . 41 0.60
Fort Meade®. g2 | 68 |80.0|8.07 |l Clinton 29 o.g7
Homeoland *.. .| 92 64 gq.B g.90 | Cresco 31 0.82
Manatee. ..........| 92 65 1.7 |10.02 || Cromwells | 0.27
Meornitt’s Island ... go 64 | 78.4 | 8-01 || Des Moines . go 32 verse
8t. Francis Bar‘cks.| 83 61 | 77.0 | 4-80 || Dysart...,. 7 29 feeess.| 0,95
Tallahassee........| oI 49 | 74-7 | 7-90 || Elkader .., 18 | 34 | 887335

Georgia. Fort Madison . 87 33 veorss] X039
Andersonville .....[r00 39 %g-z 7:70 | . 96 3 65-6 | 0.43
DucK.....ceeveennss] 84 30 .7-| 6.40 || Glenwoodb ., 2 30 [ 632 [ .00
Forasyth®........ 72.8 | 8.69 || Grinnell ., ,,,, g¢ 38 (59§ 1.59
Hephzibah..... 61.5 |o.0.. [ Hampton ....,,....| 88 28 | 55.5 | 2.28
Marietta....... 66.0 | 9-46 || Indopendence®....| 76 | 34 | 574 | 1.13
Milledgeville .. 72.5 [11.00 | fows City..........[82 | 39 | 621|301

UItDAN L erenaenes|ons vevess| 6-50 | Logan ... Civeveafeseerfernes| 64:4 | 0.83
Thomasvillo.......[ 93 48 | 70.5 | 8.69 [ Maquoketas, 082 Jeieeddeeenie] 255

Idaho. | Manson®,....,.....| 84 38 1630 1.8¢
Boisé Barracks ....{100 41 | 68.4 | 0.07 | Monticello®, ., ...| 82 26 -4 | 1.85
Lewiston .oeeeeeoss| 69 | 48 |[oses..| 0.15 | Mount Pleasant....| 79 | 40 1.2 | 1.47

Tlinois. Mount Vernone®....| 84 35 | 61.8 1 2.90
AledO . ivereenscers| 86 32 | 60.0 | 1.84 ;| Muscatine ..., 59.2 | 2.00
Aurora .. 88 32 | 590 1.89 ceesed| 1032
Atwood .... gg 32 (653 1-%(6) 56:6 | 0.00
BeasoN..cveeeserses 32 !s59.3' 1. cessedt 1,25



